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Contemporary Concepts of Primary Dynamic Facial
Nerve Reconstruction in the Oncologic Patient
Holger Jan Klein, MD,y Tiago Guedes, MD,z Chieh-Han John Tzou, MD,§
and Andrés Rodriguez-Lorenzo, MD, PHD
Abstract: Transection of the facial nerve and its branches during
extensive ablative procedures in the oncologic patient causes loss of
control of facial mimetic muscles with severe functional and
aesthetic sequelae. In such patients with advanced tumorous dis-
ease, copious comorbidities, and poor prognosis, rehabilitation of
the facial nerve has long been considered of secondary priority.
However, recent advances in primary facial nerve reconstruction
after extensive resection demonstrated encouraging results focusing
on rapid and reliable restoration of facial functions. The authors
summarize 3 innovative approaches of primary dynamic facial
nerve reconstruction by using vascularized nerve grafts, dual
innervation concepts, and intra-facial nerve transfers.
Key Words: Dual innervation, facial nerve reconstruction, facial
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BACKGROUND
T ransection of the facial nerve and its branches during extensiveablative procedures causes loss of control of facial mimetic
muscles with severe functional and aesthetic consequences. Oral
incompetence, nasal obstruction, asymmetry at rest, lagophthalmus
with potential corneal injury as well as inability to produce normal
facial expressions are frequently observed sequelae reducing
patients’ quality of life significantly.1 Besides less frequently
occurring cutaneous malignancies of the periauricular region,
parotid gland cancer represents the most common extra-temporal
tumor entity involving the facial nerve. While most parotid gland
tumors are benign and therefore treated with facial nerve-sparing
techniques, malignant tumors constitute approximately 20%, of
which another 20% show involvement of the facial nerve.2 Total
parotidectomy with resection of the involved portion of the facial
nerve is the treatment of choice when facial nerve infiltration or
adherence is found intraoperatively. Invasion of the facial nerve is
considered a strong indicator for poor prognosis predicting meta-
static spread and recurrence. In such advanced cases, rehabilitation
of the facial nerve has long been considered of secondary priority,
and still today, it is controversially debated since conventional
reconstruction possibilities may fall short regarding rapid functional
and aesthetic recovery promising augmented quality of life to
patients with poor survival. However, recent investigations dem-
onstrated that simultaneous facial nerve repair along with oncologic
tumor resections is more favorable regarding the overall outcome as
compared to delayed or multi-step facial nerve reconstruction—
even if postoperative radiation is performed.3,4
A large number of surgical techniques and modifications have
been published for the rehabilitation of the face after nerve resec-
tion, such as nerve grafting, nerve transfers, regional muscle
transposition, and free muscle transfers. Regarding primary facial
nerve repair, conventional non-vascularized nerve grafting has been
described as most frequent choice to bridge facial nerve gaps
secondary to ablative surgery using the great auricular nerve,
branches of the cervical plexus, or the sural nerve as donors.
Though, the degree of functional recovery following nerve grafting
may vary and might be affected by several factors including
postoperative radiotherapy, length of nerve gap, wound conditions,
and patient’s age. Likewise, in contrast to facial palsy from
nonmalignant etiologies, poor long-term prognosis, advanced
patients’ age, and comorbidities mandate rapid restoration of form,
and function. As to that, recent advances in primary facial nerve
reconstruction after extensive resection demonstrated encouraging
results focusing on rapid and reliable restoration in patients with
poor prognosis. The authors present hereinafter 3 innovative
approaches to primary facial nerve reconstruction by using:
(1) vascularized nerve grafts,
(2) intra-facial nerve transfer, and
(3) dual innervation.
These concepts should not be regarded as 3 separate reconstruc-
tive strategies, but might rather be combined in complex facial
nerve restoration depending on the type of defect (soft tissue needed
or not), extent of facial nerve resection (partial/isolated defect vs
complete resection), site of resection (extratemporal vs intratem-
poral/intracranial), and need for postoperative radiation.
VASCULARIZED NERVE GRAFTS
It was not until 1976 that Taylor and Ham used a free vascularized
radial nerve graft for reconstruction of a median nerve gap hypoth-
esizing that the local blood supply of the microenvironment is
crucial for effective nerve regeneration.5 With advances in micro-
surgical instruments and techniques, the idea to optimize blood
supply to nerve bundles gained successive importance throughout
animal models and clinical settings.6–8 Vascularized nerve grafts
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demonstrated reduced endoneurial scarring by maintaining the
Schwann cell population and suppressing fibroblast infiltration,
thus providing an optimal nutritional environment that results in an
increased rate of axonal regeneration.9–11 Accordingly, numbers of
myelinated fibers, axon diameter, and myelin thickness were found
significantly higher in vascularized nerve grafts than in non-vas-
cularized ones. Further studies discovered the speed of axonal
sprouting to be 3 times faster in vascularized versus non-vascular-
ized nerve grafts.9 Consequently, the timespan of muscle denerva-
tion is minimized, and compound muscle action potential
measurement following vascularized nerve grafting was found
nearly equal to intact nerve-muscle entities.12 These premises
adequately meet the requirements of expedient nerve regeneration
in a barely vascularized, potentially radiated macro milieu as found
in patients after ablative treatment.
Reconstructive surgeons frequently face combined soft tissue
and facial nerve defects secondary to extensive tumor resections
being ideally restored by simultaneous transfer of soft tissue along
with vascularized nerves. Although different vascularized nerve
grafts have been suggested in reconstruction of the facial nerve,
such as the lateral femoral cutaneous nerve, the posterior cutaneous
arm nerve, the sural nerve, the deep peroneal nerve, and the vastus
lateralis motor nerve (VLMN), the latter option seems advanta-
geous when harvested along with the anterolateral thigh (ALT) flap
both being supplied by 1 pedicle.7,8,11,13,14 In this setting, the
VLMN unites the benefits of autarkic vascularization and the
inherent feature as a motor nerve itself, as investigations have
demonstrated motor axons to preferentially re-innervate motor
rather than sensory pathways.15,16 Two main branches of the
VLMN (mean diameter 2.4 0.6mm) have been identified in
anatomical studies, 1 descendent branch with an average extra-
muscular length of 15.1 3.9 cm running along with the descendent
branch of the lateral circumflex femoral artery which commonly
gives rise to the perforators supplying the ALT flap, and 1 oblique
branch (absent in 30%) with an average length of 8.4 4.5 cm.1
Additional length can be gained by intramuscular dissection.
Besides its sufficient length, the VLMN shows constant multiple
branching, thus optimally qualifying for facial nerve reconstruction
when several branches need to be grafted. Despite potential dener-
vation of the vastus lateralis muscle when harvesting both VLMN
branches, clinical studies demonstrated no functional limitation in
knee extension after 6 months—highlighting the low donor site
morbidity of the vascularized VLMN.17,18
An exemplary demonstration of vascularized nerve grafting is
shown in Figure 1, where a soft tissue defect with isolated partial
resection of the marginalis mandibular nerve (MMN) is restored by
a free ALT including VLMN both supplied on 1 pedicle connected
to the superior thyroid vessels in the neck.
DUAL INNERVATION
Dual innervation refers in the following paragraph to the simulta-
neous usage of nerve transfers as well as (vascularized) autologous
nerve grafts for facial reanimation after tumorous head and neck
surgery providing separate innervation to 2 different functional
targets of the facial nerve: eye closure (by nerve grafting the facial
nerve stump to branches to the eye and forehead) and smile and
orbicularis oris reanimation (by using masseter nerve transfer to
zygomatic and buccal branches). While nerve grafting is only
possible when the extra-temporal facial nerve stump is present,
nerve transfers represent a constant autonomous source for facial
reanimation. Dual innervation techniques hold the crucial advan-
tage of a separate re-innervation of different transected facial nerve
branches, thus avoiding undesirable synkinesis and increasing the
axonal load in the distal branches of the facial nerve providing more
reliable functional recovery.
Nerve transfers provide a healthy source of axons close to the
target muscles and allow for direct coaptation leading to accelerated
nerve recovery and therefore diminished duration of muscle dener-
vation. Selection of donor nerves to-be-transferred in facial reani-
mation includes the hypoglossal nerve, masseter nerve,
contralateral facial nerve with cross-face nerve grafts, the spinal
accessory nerve, and phrenic nerve.19 Amongst those, the masseter
nerve has recently increased its popularity due to its constant nerve
anatomy, strength of motor impulses, fast recovery of tonus and
motion, ease of cerebral adaptation, and low donor-site morbid-
ity.20–24 The masseteric motor nerve originates from the anterior
division of the mandibular branch of the trigeminal nerve. After
exiting the cranium through the foramen ovale, the nerve passes
over the lateral pterygoid muscle and through the coronoid notch to
enter the posterior surface of the masseter muscle near its origin.
When adequately dissected, the masseteric nerve is of appropriate
length to allow tension-free coaptation to facial nerve branches.
With an average number of about 1600 to 2000 myelinated axons
(average diameter: 1.6 0.4)mm, the masseter nerve offers suffi-
cient cross-sectional area to connect 1 or even several branches of
the facial nerve (e.g., buccal branch: 850 axons).21,25 To minimize
collateral tissue damage when identifying the masseter nerve,
anatomical studies defined a subzygomatic rectangle of about
1.5 cm2—bordered by the zygomatic arch, the condyle, and cor-
onoid process as well as the mandibular notch.26 Themasseter nerve
can consistently be found 10 to 15mm deep to the parotidomasse-
teric fascia via this quick, safe, and relatively noninvasive approach.
Anatomical studies demonstrated in 75% more than 1 masseteric
branch innervating the masseter muscle at the level of the sigmoid
notch. When transecting the masseteric nerve distal to some of these
arborizing branches only partial muscle denervation is achieved.
However, even full masseteric denervation demonstrated low donor
site morbidity with rare occurrence of malocclusion. Of note,
associated cerebral adaption rapidly allows patients to smile with-
out biting (usually <3 months).
Given the presence of the facial nerve stump after extra-tempo-
ral oncologic resections, the authors prefer a dual innervation
approach by:
(1) neurotizing the frontal and zygomatic branches for adequate
eye function using either the (vascularized) vastus lateralis
motor nerve (also see above) or the lateral femoral cutaneous
nerve in order to maintain a single harvest site along with the
ALT flap;
(2) masseter nerve transfer to the buccal (and marginal mandibu-
lar) branches for smile restoration and oral competence.
FIGURE 1. Exemplary demonstration of vascularized nerve grafting in the
oncologic patient: a soft tissue defect with isolated partial resection of the
marginalis mandibular branch is restored by a free ALT flap including VLMN
both supplied by 1 pedicle connected to the superior thyroid vessels in the neck.
ALT, anterolateral thigh; VLMN, vastus lateralis motor nerve.
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In this way, facial tonus is restored, symmetry is improved,
isolated voluntary and potentially spontaneous smile is regained,
and lower eyelid position and eye closure are amended. This
concept of dual innervation is exemplarily shown in Figure 2.
INTRAFACIAL NERVE TRANSFERS
Besides traumatic facial nerve injuries, isolated transection of single
facial nerve branches may occur during resection of malignant
parotid tumors or neurolemmoma as well as neurofibroma of the
facial nerve itself. Likewise, iatrogenic injury to the MMN during
ablative surgery in the submandibular and parotid region can cause
segmental defects, which are not amenable to tension-free end-to-
end anastomosis. In these scenarios, intra-facial nerve transfers
provide another innovative approach to primary facial rehabilitation
by redirecting less important facial nerve branches to those
branches with crucial function. As to that, upper buccal or cervical
branches of the facial nerve are sacrificed in order to restore
zygomatic or marginal mandibular branches, thus lowering the risk
for corneal exposure, drooling, and asymmetrical smile.27,28
For lack of intra-branch connections of the MMN with other
facial nerve branches, spontaneous recovery of its innervated
muscles is less likely in case of its damage.29 As the cervical
branch (platysma motor nerve [PMN]) of the facial nerve arises
from the lower division of the facial nerve coursing more posterior
and deeper than the MMN, it is less prone to injury.27 MMN and
PMN have synergistic functions both innervating muscles expres-
sing unhappy mimic looks, as the lower lip muscle depressors, as
well as the platysma, are activated vertically from cranial to caudal.
Recent anatomical findings demonstrated comfortable identifica-
tion and dissection of the PMN as it runs under the platysma from
the anterior-inferior part of the parotid gland.30 With an average
length of about 47mm and about 5 myelinated fiber counts per
millimeter, the PMN qualifies optimally for direct MMN nerve
repair without sacrificing further donor sites (MMN fiber counts per
millimeter: 3.9). Additionally, sacrification of cervical branches did
not result in clinically relevant impairment of facial movements.
Similarly, upper buccal branches redirected to injured zygomatic
branches cause negligible donor site morbidity since multiple
communicating fibers between upper and lower buccal branches
make the reappearance of the nasolabial fold likely within few
months. Recent clinical findings demonstrated good to excellent
outcomes of both methods described, which some authors explain
by the fact of replacing ‘‘same with same.’’27 In that way, facial
motor nerve branches not only replace the injured motor nerve
branches but also function as direct vascularized nerve grafts, which
advantages have been discussed before. Figure 3 shows an isolated
partial resection of the MMN which is restored by intrafacial
transfer of the PMN.
CONCLUSION
Unlike facial palsy from nonmalignant etiologies, poor long-term
prognosis, advanced patients’ age, and comorbidities mandate rapid
restoration of facial form and function aiming at augmented quality
of life to the oncologic head and neck patient. Vascularized nerve
grafts, concepts of dual innervation and intrafacial nerve transfers
provide adequate primary dynamic restoration of the facial nerve
with low donor site morbidity, autarkic vascularity as well as
suitable length, diameter and not last axonal load.
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